Cardiovascular diseases are one of the most common problems of human beings with a high occurrence rate of the total world population.\[[@ref1]\] Epilepsy is the second most common neurologic disorder after stroke. An epileptic seizure is a transient paroxysm of uncontrolled discharges of neurons.\[[@ref2][@ref3]\] The incidence of epilepsy is highest in the first 10 years of life and declines thereafter through the age of 50 until the elderly years when the incidence increases again.\[[@ref4][@ref5]\] Dihydropyridine derivatives, Amrinone and Milrinone are showed important biological activities in cardiovascular disorders.\[[@ref6]--[@ref10]\] Both compounds act by inhibiting phosphodiesterase-III (PDE-III) enzyme. These compounds also showed effect on epilepsy.\[[@ref11][@ref12]\] Recently, much attention has been focused on PDE-III inhibitors, like Amrinone and Milrinone \[[Figure 1](#F1){ref-type="fig"}\], which affect the epilepsy\[[@ref13]\] and cardiovascular diseases. These compounds are PDE-III inhibitor and effect on both maximal electroshock seizures (MES) and chemical (isoniazid or INH) induced seizures in mice. This research letter aimed at utilizing PDE-III inhibitor in cardiovascular disorders, epilepsy and examined the role of cyclic PDE-III in the generation of seizures.

![Amirinone - R^1^=NH~2~, R^2^=H, and Milrinone - R^1^=CN, R^2^=CH~3~](NAJMS-4-499-g001){#F1}

Epilepsy and Phosphodiesterase {#sec1-1}
==============================

Seizure is a characteristic feature in epilepsy and is associated with disorder and rhythmic high frequency discharge of impulses by a group of neurons in the brain. The pathophysiological basis for epileptic disorders is both complex and complicated. The antiepileptic drugs have focused on cellular signaling elements like cyto-skeletal structures, trans-membrane enzymes and ion channel modulators. The evidence showed that the effect of cyclic nucleotide PDE enzymes which exist in several molecular forms. These PDE-isozymes are unequally distributed in various tissues, by finding selective inhibitors of the different PDE-isozymes, one may be able to raise the concentration of cyclic nucleotides in discrete cell types.\[[@ref14]\] Through the selective inhibition of the major PDE isozyme of a diseased tissue, it may then be possible to alter the course of diseases characterized by an abnormal metabolism of cyclic nucleotides. Twelve PDE isozymes have been identified and these can be further divided into a number of subtypes and splice variants. These PDEs are differing in their amino-acid sequence, substrate specificities, kinetic properties, allosteric regulators, inhibitor sensitivities and in their organ, tissue and sub cellular distribution.\[[@ref15][@ref16]\] The PDE-III is characterized by its high affinity for cAMP and cGMP. The cAMP is postulated to be anticonvulsant while cGMP is considered to be pro-convulsant.\[[@ref17]\] PDE-III enzyme is highly expressed in the hippocampus, striatum and other discrete sites of the brain and may affect the influx of Ca^2+^ ions.\[[@ref18][@ref19]\] In mammals, PDE are encoded by at least 19 different genes and PDE isoforms are expressed differently in different tissues.\[[@ref20]\]

Phosphodiesterase and seizures {#sec1-2}
==============================

Seizures were induced by chemical convulsant, Isoniazid (INH) at a dose of 500 mg/kg, s.c.) in mice. These convulsions are similar to petitmal or absence epilepsy. Chemo-convulsive agent Isoniazid (INH) is a gama amino butyric acid (GABA) synthesis inhibitor. The mice were pretreated with varying doses of Amrinone (0.5 mg/ kg, 0.6 mg/kg and 0.7 mg/kg, i.p.) and Milrinone (50 μg/kg, 100 μg/kg, 200 μg/kg and 300 μg/kg, i.p.). The MES (60 mA/0.2 sec) induced seizure by the corneal electrodes, which is similar to generalized tonic-clonic seizures. After induction of seizures, tonic limb flexion, tonic extensor, clonus, stupor and recovery/mortality phases were studied. In INH induced seizures, the result showed that Amrinone (0.5 mg/kg) significantly potentiated the onset of action, jerky movements and convulsions. Whereas dose level of Amrinone (0.6 mg/ kg) and (0.7 mg/kg), the rate of onset of action, jerky movements and convulsions time was reduced more significantly. Simultaneously, dose of Milrinone (300 μg/mg and 200 μg/mg), the rate of onset of action, jerky movements and convulsion time was reduced at the great extent even in the low doses. In MES induced seizures, the result showed that the Amrinone at doses (0.6 mg/kg and 0.7 mg/kg) produced a significantly gradual reduction in tonic limb flexion and in stupor phase of convulsion. Like-wise Milrinone at dose (200 μg/kg) and (300 μg/kg) showed a significant reduction in tonic limb tonic extensor and stupor flexion, phases of convulsion and produced the significant reduction of the clonus phases of convulsion.\[[@ref15]\]

Phosphodiesterase and cardiovascular activity {#sec2-1}
---------------------------------------------

Phosphodiesterase-III (PDE-III) inhibitor (such as Amrinone, Milrinone, and Enoximone) increase contractility by reducing the degradation of cyclic adenosine monophosphate (cAMP). In addition, they reduce both preload and after load via vasodilation. The hemodynamic consequences of this action are reduced left ventricular after load, increased cardiac output and reduced total peripheral resistance. Unlike sympathomimetic amines, PDE III inhibitors produce no tolerance and possess the distinct advantage of directly decreasing pulmonary vascular resistance.\[[@ref21][@ref22]\] Milrinone is the most widely used PDE III inhibitor. Two large prospective randomized studies have been conducted with Milrinone, one with an oral and the other with an intravenous formulation,\[[@ref23]--[@ref25]\] while Amrinone has been largely abandoned as treatment of heart failure, mainly due to its ability to cause thrombocytopenia; low-dose oral Enoximone has recently been evaluated in several small clinical trials, especially its effects during co-administration with beta-blockers. Another drug, Vesnarinone, a mixed PDE inhibitor and ion-channel modifier that has modest, dose-dependent, positive inotropic activity, but minimal negative chronotropic activity.\[[@ref26][@ref27]\]

Other dihydropyridine-type calcium antagonists {#sec2-2}
----------------------------------------------

Calcium antagonists are a heterogeneous group of compounds inhibiting Ca^2+^ movement through channels in cardiac and smooth muscle membranes by blockade of voltage-sensitive L-type calcium channels. The efficacy of calcium antagonists in treatment of congestive heart failure is related to their ability to reduce myocardial oxygen demand and increase oxygen supply. They cause relaxation of vascular smooth muscle in both systemic arterial and coronary arterial beds. The blockade of the entry of calcium into myocytes results also in a negative inotropic effect.\[[@ref28]--[@ref30]\] There are three major classes of Ca^2+^ antagonists currently clinically used are: (i) dihydropyridine-type such as Nifedipine, Felodipine, Amlodipine, Lacidipine; (ii) phenylalkylamines such as Verapamil, Gallopamil and (iii) benzothiazepines such as Diltiazem.\[[@ref31]\] Dihydropyridine-type Ca^2+^ antagonists are particularly effective in dilation of vascular smooth muscle. Negative inotropic, chronotropic, and dromotropic effects are rather small. In rare instances they can lower blood pressure excessively with subsequent reflex tachycardia. Dihydropyridine-type Ca^2+^ antagonists and their combination with β-blockers have been shown to be efficacious in the treatment of angina pectoris.\[[@ref32]--[@ref35]\] Recently some new evidence about the antioxidant properties of Ca^2+^ antagonists has been presented indicating that these drugs can reduce the rate of progression of atherosclerosis.\[[@ref36][@ref37]\] The co-administration of amlodipine or nifedipine with pravastatin caused a significant reduction in the appearance of new angiographic lesions.\[[@ref38][@ref39]\]

Discussion {#sec1-3}
==========

The Phosphodiestrase (PDE-III) inhibitors potentiate the electro-shock similar to generalized tonic-clonic seizures and chemical induced similar to petit mal seizures. The dihydropyridine derivative, Amrinone and Milrinone is PDE-III inhibitor and showed positive inotropic effects that are chemically and pharmacologically distinct from digitalis and catecholamines.\[[@ref40]--[@ref42]\] The mechanism of PDE inhibitors is similar to that of β-adrenergic antagonist.\[[@ref42]--[@ref45]\] Milrinone has been used extensively as PDE-III inhibitor and it is currently used in the acute treatment of heart failure to diminish long term risk. The seizures induced with the accumulation of cellular levels of cAMP and cGMP. The cAMP accumulation is considered to be anticonvulsant and cGMP is considered to be pro-convulsant. The pre-treatment with PDE-III inhibitors potentiates the onset of action and various phases of convulsions against INH and MES induced convulsions. The results clearly suggested that rate of onset of convulsive time was significantly reduced with increasing the dose levels of both Amrinone and Milrinone against INH and MES induced seizures. Earlier studies suggested that the elevated level of cGMP was found in cortical structure in some experimental models of epilepsy,\[[@ref46][@ref47]\] and the neuronal excitability was regulated by cGMP and Ca^2+^/calmodulin dependent protein kinase and its phosphorylation process.\[[@ref48][@ref49]\] Apart from these findings, PDE-III inhibitors possess trans-membrane influx of Ca^2+^. This influx of Ca^2+^ is responsible for the phosphorylation process of intracellular proteins, such as ion channels, receptors, enzymes and transcription factors which exhibit significant neuronal excitability and epileptic seizures.\[[@ref50][@ref51]\] The results also correspond with the generation of seizure activity due to the breakdown of hydrolysis of cGMP which promotes protein kinase phosphorylation process. Thus, the study showed a definite relation-ship between the specific PDE-III inhibitors and increases the cellular level of cGMP and Ca^2+^ ions with the generation of seizures\[[@ref52][@ref53]\]. Therefore, it appears that non-nucleotide mechanism although not well defined could also be contributing significantly to the seizure activity of PDE-III inhibitors.\[[@ref54][@ref55]\]

In conclusion, dihydropyridine derivatives have diverse biological potential and their cardiotonic activities are one of the most encouraging activities. The dihydropyridine compounds are important and hold considerable interest in physiologically active compounds with multiple potential. Dihydropyridine compounds Amirinone and Milrinone are PDE-III inhibitors, have been effective in epilepsy and cardiovascular diseases. These derivatives focused our attention because of their fictionalization at various ring positions, which makes them attractive compounds for designing and development of novel compounds. By the present scenario it can be concluded that dihydropyridine have a great potential which remain to be disclosed till date.
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